T ERATOMAS are neoplasms composed of tissue elements foreign to the organ or anatomic site of origin, and in childhood these tumors are notable for their diversity in anatomic location and biologic behavior. Etymologically the word teratoma is derived from the Greek "teratos" which literally means monster. As such, this clearly denotes the disturbed or malformed growth and appearance of these tumors. The earliest record of a sacrococcygeal teratoma was inscribed on a Babylonian cuneiform tablet dated approximately 600 B.C. In the modern era, Drs. Gross and Clatworthy described forty infants and children who presented with sacrococcygeal teratoma and made important suggestions regarding appropriate treatment.'
Teratomas display various degrees of differentiation, ranging from primitive somatic elements to highly organized axial and metameric structures meriting in one extreme the designation of fetus-in-fetu. They can affect individuals of all ages, but those occurring in childhood are of special interest since biologic behavior is strongly related to age at diagnosis and anatomic site of origin.
Histologically, teratomas typically contain tissue elements of tridermal lineage, i.e., ectoderm, endoderm, and mesoderm; but in recent decades, this definition has become less stringent with the acceptance of examples that are composed of only bidermal ingredients. In the classification of ovarian teratomas, there are even highly specialized variants that are considered to be monodermal, i.e., ovarian carcinoid tumors. 2 The issue of histogenesis remains complex and unsettled, particularly for extra-ovarian tumors. Popular theories of histogenesis include origin from primordial germ cells and primitive somatic cells that have escaped influence of organizers and inducers. In recent decades, there have been a number of clinical and pathologic studies ofteratomas arising in specific organs or sites such as ovary,3 testes,4 sacrococcygeal region,5 mediastinum,6 and retroperitoneum. 7 There have been relatively few accounts of a large series detailing the cumulative experience from a single institution devoted to pediatric care.6'8 Some pre- Vol. 198 tinely stained histologic sections were reviewed in each case, and, where necessary, additional sections were prepared from paraffin-embedded tissues. Clinical records were analyzed and up-to-date follow-up was obtained in 215 of 245 patients. All patients with mature teratomas that were successfully resected survived. Therefore, we focused our attention on the treatment strategies and outcome in patients with immature teratomas. The extent of disease or clinical stage was assessed by review of operative findings and/or consultation with the attending surgeon. The FIGO staging system was used for ovarian tumors,10 and sacrococcygeal teratomas were typed or grouped according to criteria established by the Surgical Section of the American Academy of Pediatrics in 1972.5 Exclusive of testes, staging criteria for teratomas in other anatomic sites are not well defined and specification of extent of disease remains more or less descriptive.
Histologically, the degree of immaturity was assessed in each case using criteria established for ovarian teratomas. ' 12 Briefly, the histologic grade of the primary or metastatic tumor was based upon the degree of immaturity of the tissue elements present and the amount of primitive neuroepithelial components. By convention, mature teratomas are composed of well-differentiated tissue elements and were assigned a grade of 0. Increasing grades of immaturity from I to III were assigned when immature tissues (predominantly neuroepithelial) became progressively more prevalent in representative tissue section as outlined by Norris et al.12 Assignment of a meaningful and reproducible histologic grade depends to a large extent upon an adequate sampling of the resected primary tumor. Once again, it should be emphasized that tumors containing any recognizable component of embryonal carcinoma at the time of initial therapy were excluded.
Results

Clinical Features
The most common clinical manifestation of teratomas as a group is a mass lesion with signs or symptoms ascribable to specific location and consequent impingement upon or compression of adjacent organs or tissues (Fig. 1) The mean age at diagnosis was 13 years and was similar for patients with immature and mature teratomas. Patients typically presented with symptoms or signs ascribable to an intraabdominal adnexal mass, and a palpable tumor was usually apparent on physical examination. Five patients had bilateral mature tumors (7%). The immature teratomas of the ovary were significantly larger than the mature ones (17.9 cm versus 8.7 cm) ( Table 3) .
Retroperitoneal teratomas. These tumors posed a significant problem in the differential diagnosis of an intraabdominal mass due to the young age of the patients (mean age, 5 months) and the consequent confusion with Wilms' tumor, neuroblastoma, and other intraabdominal masses ( Table 4) . As with teratomas in other sites, the presence of calcification or bony structures on plain radiographs was a useful diagnostic aid, but was apparent only in a minority of cases.
Teratomas ofthe head and neck region ( Table 5) . Each of these tumors was diagnosed in the immediate newborn period and they were similar to those arising in the sacrococcygeal region. The most common site of origin was the anterior or lateral neck, followed by the face, oro-or nasopharynx, and orbit. Sex distribution was roughly equal. Clinically, some of the tumors simulated a lymphangioma or cyst hygroma, particularly those that were cervical in location. The solid, nonfluctuant nature of the tumor, coupled with the occasional calcification evident by radiography, provided valuable aid in resolving the differential diagnosis.
Mediastinal teratomas. The mean age at diagnosis was 8 months and the affected children usually manifested a combination of symptoms such as dyspnea, cough, fever, or chest pain. Chest radiography demonstrated a mediastinal mass in most cases with localization in the anterior/superior mediastinum. In one patient, the tumor was located in the posterior mediastinum (case 9) ( Table 6 ). A small but important subset of teratomas was situated within the pericardial sac near the base of the heart (cases 5 and 10) ( Table 6 ). Both of these newborns presented with signs and symptoms mimicking congenital heart disease or idiopathic cardiomegaly. Testicular teratomas. Testicular teratomas, like the ovarian group, were present more commonly outside the newborn period ( Table 7 ). The mean age at presentation was 31/2 years. Younger children commonly have testicular teratomas, whereas the adolescent more commonly has a germ-cell neoplasm. 2) L.C. Two or more embryonic germ layer derivatives were apparent in each of the tumors, and all three were well represented in 90% or more of the cases (Fig. 5) . The expression of tissue types and their arrangement and degree of differentiation varied from case to case and even within areas of the same tumor, depending upon extent and adequacy of sampling. The average number of tissue sections examined in each case was nine, but ranged from one to over 20 in selected cases. Endodermal sinus-tumor (yolk sac tumor, Teilum tumor), a form of embryonal carcinoma, subsequently appeared in six patients following biopsy or surgical removal of their primary tumor-case 1, 7, and 14 ( (Table 3 ) is currently alive with presumptive evidence of metastatic immature teratoma in the lung parenchyma. Tumor-related deaths in the other areas were as follows: retroperitoneum-27% (Table 5) , mediastinum-18% (Table 6 ), sacrococcygeal region-15% (Table 2) , and head and neck region 14% (Table 5) .
Within the last decade, adjuvant radiation and chemotherapy have been added to the treatment of many patients with immature teratomas or teratomas that could not be completely resected. Five patients with unresectable central nervous system tumors received radiation therapy but did not experience any curative benefit in terms of controlling local growth of the tumor (Table 8) . Two patients with completely resected immature sacrococcygeal teratomas subsequently received combination chemotherapy when they developed metastatic embryonal carcinoma ( patient. The clinical stage or extent of disease and histologic grade of immaturity are also significant features but assume greatest importance with immature ovarian teratomas. With regard to histologic grading, it is encumbent upon the pathologist to adequately sample the primary tumor or its metastases. In general, one histo-407 logic section for every 1 to 2 cm of tumor diameter appears adequate.
The most important variable affecting long-term survival is the surgeon's ability to completely resect the tumor. Although resectability in some instances may be a reflection of size and histologic immaturity of the primary tumor, it is most often related to the strategic localization of the tumor, thus defying complete or safe removal. This is most apparent for retroperitoneal and central nervous system tumors.
The overall mortality for children with mature teratomas was significantly less than for those with immature tumors. Twenty per cent of all the tumors were classified as immature.
The most common teratomas in infancy are those arising in the sacrococcygeal region. Adverse prognostic factors include older age at diagnosis, a substantial presacral or endopelvic component (AAP type II-IV), and the presence of endodermal sinus tumor (yolk sac tumor, Teilum tumor). It is important to recognize these frankly malignant elements.
Seventy-three children with mature sacrococcygeal tumors were followed after resection. Two children experienced local recurrence, and both were alive and well years later following re-excision. Twenty children with immature sacrococcygeal tumors were followed. Three developed endodermal sinus tumor at intervals ranging from 10 months to nearly 2 years following initial surgery. Each tumor had been well sampled at the time of initial surgery to exclude the presence of frankly malignant elements. However, there is some doubt, in our opinion, as to whether the original tumor had been resected in its entirety. If this is true, it suggests that histologically immature tumors may have the capacity to spawn frankly malignant elements if allowed to persist. be able to get information from the published data that will be invaluable to us in the prospective evaluation of children who are being treated currently in our different children's centers. One of the things that has been of great concern to me and, I am sure, others who care for these children, particularly with the large presacral teratomas, is the return, or lack of return, of function as a result of the distortion of the rectum, urethra and vagina.
(Slide) Dr. Tapper indicated that there was striking distortion in this area as a result of these very large masses of tumors. Sometimes the rectum lies almost over the sacrum; at other times, the perineum is distorted completely above the pubic symphysis. Although there is good survival, the real question in my mind has been, are we going to have incontinent children, or problems with that perineal area? I would like to ask Dr. Tapper, in his follow-up studies, has he noted a major problem with functional disturbance?
We have now followed seven children into teenage with large presacral teratomas, and each ofthose children has had absolutely normal rectal and urinary function. There has been a delay in toilet training in several of them, simply because of the time required for the return of some of these structures to normal anatomic relationship, but all are currently continent, and I wonder if that has also been his experience.
I would like to ask him one final question. Dr 
